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Abstract: Solid phase micro-extraction coupled with gas'chromatography mass spectrometry (SPME/GC-MS) technique was applied in
isolation and identification of aroma compounds of the produets in different liquid fermentation stages including the initial jujube juice, the
jujube wine mash and the jujube vinegar. The results showed that 56, 56 and 54 kinds of aroma components were identified in the three stages,
accounting for 94.57%, 97.37% and 98.86% of the total aroma, respectively. The main aroma components were hydrocarbons, acids, esters,
alcohols, aldehydes, ketones, and a small amount of other compounds. The number of aroma components in three products showed little
difference, but the component ratio-and relative content were significantly different. In the alcohol fermentation process, hydrocarbons content
increased significantly, the acids content increased slightly, and the ester and alcohol contents decreased. In the acetic fermentation process, the
alcohols and aldehydes contents decreased while the contents of acids and esters increased significantly. These acids and esters were the main
components of aroma compounds, and a small amount of hydrocarbons, alcohols, aldehydes, ketones were also an indispensable part of the
aroma. These aroma compounds endowed jujube vinegar the unique flavor and quality.
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Table 1 Types and relative contents of aroma components of Chinese Jujube vinegar at different fermentation stages

#E RGN A MEX aTE e
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3.99 ETHK CeHys 86 2.61 1.94 -
5.87 NP AR AR CoH1505Si; 222 1.59 2.79 1.49

7.19 —A T CH,Cp, 84 - 10.01 -

JREB 7.45 E CeHe 78 0.24 0.31 -
HETA 7.50 245-Z k13- 284 C¢H,,0, 116 - - 3.27
4 8.48 AN IR A R CsH,,0,Si, 296 0.79 095 038

9.16 ZATK CHCl, 118 0.24 0.66 -

9.66 L CHg 92 0.25 0.14 -

10.21 1280k C,H,Cl, 98 - 0.08 -
12.23 + F AL RAE RN, C1oH3005S;5 370 1.05 0.76 0.38
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13.60 D-ATAL CioHyg 136 - 118 -
15.08 ¥ 0 CsHg 104 0.24 0.13 -
23.19 XA EERI C16H.506Si; 532 0.43 - -
11.61 T B2-3-FARBEEL C7H1402 130 - - 131
17.97 1,I- =B LER CeH 004 146 - - 0.03
18.82 BA R C,H,0, 60 20.49 21.66  41.59
20.52 BUER CH,0, 46 0.44 0.28 -
21.23 RBR C;H(0, 74 0.96 0.53 -
21.88 2-F A AER C,4H;50, 88 1.09 1.35 0.41
23.11 TE C,H;0, 88 117 0.57 0.14
23.95 3-FATER CsH,00, 102 3.09 3.86 5.07
25.28 R CsH,00, 102 0.56 0.72 0.05
25.93 FEZR C4HO, 86 - e 0.26
Rk 27.29 TER C¢H,,0, 116 9.11 9.58 1.60
29.19 SRR CH,40, 130 238 2.32 0.35
29.45 R X-2-THlh CeH,00, 114 0.29 0.30 0.04
31.00 Fig CsHi60, 144 2.85 243 0.53
31.29 E78, X CH,,0; 128 0.21 0.29 -
3272 T84 CoH 50, 158 0.27 0.17 -
32.99 B AR-2-FHli Cg¢H, 0, 142 0.58 0.60 -
3438 N-ZER C1oH200, 172 1.14 0.72 0.03
3721 F L C;HO, 122 1.74 2.18 0.46
38.15 + =k C,H,40; 200 - 0.15 -
39.88 K LBk CgH,0, 136 - - 0.41
5.34 TR A Mg C;H{0, 100 0.73 - -
5.53 BB F B C;HO, 74 0.66 0.59 0.28
6.48 LB LB C,4H50, 88 4.07 501 2559
9.00 2-% A TEAAS CeH 1,0, 116 - - 0.45
9.56 T LB CeH,,0, 116 - 0.15 -
10.30 3-F AT LA CH,40, 130 - - 0.03
10.39 B ER T Be C¢H,,0, 116 - 0.08 -
13.28 T T By C/H,40, 130 - 0.13 -
g5 21.53 2-73-4-F K- XER TBs CgH,405 160 0.11 - 0.14
22.12 3- (Frik) RBRCES CeH 1,058 148 - - 0.03
2333 ZW Rkl B = LERER C,H;s0,Si 92 0.32 - -
2335 F P 85 F By CgH50, 136 - 0.18 -
2422 T B — A CsH,40, 174 - - 0.14
25.39 LB F s CoH,00, 150 - - 1.53
26.46 K LB LB C1oH,0, 164 - - 0.53
27.45 + —hRE LB C14Hx50, 228 - - 0.09
28.33 F A B C,1H,4,0, 178 - - 0.05
34.27 AFARBR LB Ci3H340, 284 - - 0.03
34.72 9-+ S BMER LB C5H340, 282 - - 0.09
TR
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35.09 ARK B B C1oH;¢04 194 - - 0.10
39.78 AR W BR =T B C16H50;4 278 0.17 - 0.20
7.31 LBz C,HO 46 5.10 5.57 341
10.98 2-F R AR C4H,,0 74 2.52 3.27 0.13
13.72 (S)-2-FATE CsH,,0 88 1.57 231 -
13.78 3-F A TEE CsH,,0 88 - - 1.49
17.23 s CeH,40 102 1.16 0.12 -
18.14 3-¥B CgH,50 130 0.52 - -
BE 19.42 F-3-B CgH,0 128 1.90 1.45 -
2031 2-T A TE CgH,;50 130 0.76 0.59 0.11
22.05 [S-(R*R*)]-2,3-T —B% C4H,00, 90 - - 0.04
22.77 2-2-TRLTEL)TE CeH,40; 134 0.13 - -
28.03 KWz C7H0 108 - 032 241
28.69 KB CgH,0 122 - p 0.04
29.98 TERTHTE CoH,4,0 150 4 - 0.05
5.37 78R C3HO 58 - 0.52 -
8.13 2,3-T—F C4Hy0; 86 0.79 - -
8.16 2-75%,BR CsH,00 86 - 127 0.07
8.61 2 -9 A3 R CeH,20 100 - 0.37 -
10.60 2-THR CeH,,0 100 - 0.63 -
11.79 3- S H-2 -BR CsHO 84 0.15 0.10 0.04
13.17 3.0 CH;y0 114 0.19 123 -
r 14.98 3-8 CH,0 128 0.30 0.29 -
15.76 3-#23-2-THA C,H;0, 88 125 1.40 0.84
16.96 6-F A-5-F He-2- 7R CeH,40 126 0.22 0.15 -
18.19 2- £ CoH,50 142 - 0.37 -
22.65 1-2 - FH-1-30 85 1-YL)- 2R CgH,,0 124 - 0.09 -
22.87 3,5,5:= F Jh-2-3R T AR CoH,40 138 - - 0.07
24.95 2(3H)-5- LH =Rk CeH,00, 114 - 0.09 -
30.84 2(BH)-—&A.-5- /& -k v B CoH 40, 156 - - 0.05
437 L C,H,0 44 0.30 - 0.47
6.21 THE C,HO 72 0.56 - -
6.86 2-FATE CsH,00 86 0.30 - -
6.95 3-FATE CsH,00 86 7.19 0.38 -
8.20 JREE CsH,,0 86 1.09 - -
9.61 (B)-2-T Ml C,HO 70 - - 0.04
R 10.60 S CeH,,0 100 0.69 - -
10.70 25-ZF R3] A4 FE.  CH,0; 144 - - 0.29
14.08 2-THlk CeH,0 98 0.54 - -
19.13 R X-2-FHlt CgH,40 126 0.25 - -
21.29 LS CH,O 106 - - 1.52
27.10 2,5- = HOR P AR CoH,0 134 - - 0.13
TR
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252 H4.6-=F HA-CR T AA)-
31.66 Ci6H1605 256 - - 0.14
E S
By 30.19 Ry CeHcO 94 0.15 - -
3.68 — Rk CO, 44 3.39 2.50 0.38
e 13.54 e CioHis 136 - - 0.06
25.37 FRAFIAT CsHyNO, 151 3.68 1.55 -
E O AR,
199r 7% knara HIPE 1 A0 1 RN, WA A SR 56 Fhis
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EORE ren (46.37%), 6 FIlEZE (6.06%), 8 FiliFE (13.66%),
: & 6 FITAZE (2.95%), 8 P (10:92%),.1 il
£ i | o . (0.15%), 2 BB (7.07%); MM EEET 1%
z X oA 23 F, ETLRANEE (2049%). R (9.11%).
e “"""l'?ﬁ?’ e j | l“’“”“‘“l 3-FEE TS (7:19%) ZBECGS 1% ) ZERZTE (4.07%).
Al s il AL it ORI R 56 FHERAE RSy, U 11 Rk
Time / min (18.95%), 17FhIRZE (47.71%), 6 FilE (6.14%),
b 100 ke 7 FEES (13.63%), 12 Al (6.51%), 1 Fhigk
, & (0.38%), 2 LM (4.05%); XS EET 1%
] RT:IS52 21 R FERERR(21.66%) —HUFLE(10.01%)+
: & CR (958%)y ZB (5.57%). ZERZME (5.01%).
2 %; Rrzos AU LRI Y 54 R R PERSY, o B3 4 Pl
z R 1900 RT:28.03 (5.52%), 14 B (50.97%), 16 FHEE (30.59%),
T Em LU N i T e 8 FlEI (7.68%), 4 FEHIE (1.07%), 6 FHEESR
T N (259%), 2 FHAb (044%): HIXTEEET 1%
Time / min B 12 Fl, FELREETR(41.59% ) LR LHE(25.59%)
C gor Kl rraas -HETER (5.07%). ==& R
. E i ZERIAR, AHHEFDSAREX & A B2 R
£ RF FEIRS R BERN B, SRS BN (Wit
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£ % S P SRS 9% 5 BRINTTA BT n (RIaR A 46.37%
s 3 RT:1098 K220 Rr30.99 AR 47.71%); B BERYIREEARA (Ol
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Fig.1 Total ion chromatogram of GC/MS for aroma
components of Chinese Jujube vinegar at different
fermentation stages
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